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‘NOTICE; When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
2 definitely related Government procurement operation, the (LS.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications

or other data is not to be regarded by implication or otherwise as
s any manner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related thereto.”
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PREFACE

The tests covered in this report were conducted under the
authority of subproject 8-T6-04-21L, "Atomic Fire Fighting Tech-
niques and Equipment," 7 November 1952. A copy of the subproject
card appears as Appendix A to this report.

Preparation for the testg end the comduct of the mctunl tests
were performed as a troop endeavor by Companies C and B, respective-
1y, of the 34th Engineer Battalion (C), Fort Lewis, Washington.
Support was given by the 8ignal Corps Meteorological Team, Fort
Hauchuca, Arizona; +the Bignal Corpe Pictorial Service, Presidio,
Ban Fraucisco, Californis; end the 33rd Transportation Helicopter
Company, Fort Ord, California. Arrangements for the Military sup-
port were made through the Continentsl Army Command with the Sixth
Ammy. The U. 5. Forest Service Californias Forest and Rangs Experi-
ment Station and the Fhusta~-Trinity National Forest Office assistad
in local arrangements and technical problems. Key persomnei of each
organization are listed in Appendix B to this report.

The tests covered by this report were conducted from L to 12
October 1957.

B
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SIMMARY

The testes covered by this report were conducted to 2valuate
various items of equipment for use by untrelaied troops in fire-
fighting operations. The tests wyre conducted by Englneer troops
in the Trinlty River besin of northeyn Celifornis.

Items tested were: quick~coupling tubing for emergency water-
supply lines; in-line pump, which may be submersed to draft water
to supply lines: hose lines laid by an H-21 hellcopter; and pro-
tective clothing.

The report concludes thaet:

(8. The concept of assigning untrained troops to fire fighting
is velid provided operational requirements are relatively simple.

“B. A quicx-coupling tubing system of the type used in the
tests meets the requirements for e rapidly constructed emergency
water-supply line.

‘¢ Oround-sir coordination for helicopter placing of hose and
pump equipment as an emergency fire-fighting task force operaticn is
feasible, provided certain refinements of equipment are accomplished.
The submersible pump is sultable for use ms a draft or booster pump
in emergency water-supply lines.

"d] The concept of convection wabter-fog gemeration for con-
trolling large unconfined fires requiree further development.

‘e\ The expendahble aluminized-paper fire-fighter's ensemble
<an be used without prior instruction by field troops for protection
against thermal redistion of large fires. Turther development is
required to lmprove durability of the garment.
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MASS-FIRE CORTROL TEST

I. INTRODICTICHR

1. Bubject. Thie report covers tests conducted to eveluate
various ltems of squipment and operational methods for troop use in
effectively combating large fires. Equipsent tested was an emergen-
cy pipeline and expendesble aluminized fire fighter's ensembles;
operational methods evaluated were placing a submeraible pump and
laying an expendable 8~inch hose using an H-21 helicopter; and com-
paring convected water-fog to straight wmter streams from deluge

guns.

2, Background., The significence of fire as a weapon in mod-
ern wurfare was clesarly desomstrated in World War 1I. Even before
the edvent of nuclear weapons, the destruction effected by massed

high«explosive and incendiary-bomb air raids op military and indua-

trial concentrations was developed to an extent which was previously

: all but inconceivable. Eighty percent of the total dammge in the
great alr raide on (Qermsn cities in World Wer II was caused directly
by fire., Fire storms, resulting from the coalescence of numercus
fires over large aress, occurred in Hamburg, Kassel, Dmrmstadt, and
Dresden. The effectiveneas of fire is reflected in & fire storm of
2k July through 3 August 1943, in Hamburg, which completely burned
out 12.5 square miles (32.5 gquare kilometers), The rush of air in-
to the Tire areas was reparted to have attained velocities of 30 mph
to over an estimated 125 mph (50 to 200 kmph), tossing fire fighters
around and preventing them from coming within range of the fire with
hose streams. This same incendimy technique was equally a3 effec-
tive as a destructive wvespon in Japen during the air attacks of 9
and 10 March 1945 on Tokyo., There, the combination of ‘ense popula-
tion, heavily built-up combustible aresas, ignition during & high
wind, plus the elemeant of suxprise resulted in complete destruction
of approximately 16 square miles (41.5 square kilometers) of the
city and the desth of 83,600 yersons., This was perheps the greatest
loes of life by fire in the history of man. The nuclear bonb which
exploded over Hiroshima killed almost as mwny and there, agair, fire
accounted for most of the damage.

Tha advent and development of guidea  * ballietic mis-
ailes makes the interception of fire-inciting wea,.ns most difficult
and has increased the probabllity of the planned delivery of such
woapons at advancsd bass points by en anemy in the avent of military
operations. Large-scale destruction of military bases, supply depots,
and points of embarketion le possible. Bince these targets &re of
vital i{mportence to militaxry operations, means must be available to
local military orgsnizations to minimiza the resuliant fire dsaage.
Since the Corps of Enginsere has the responeibility of maxing ‘
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available the equipment and daveloping techniques for the Amy which
vill afford maximun paactical protection against fire, & study wms
lw4+4a+nd undsr aﬂ'hmhl(‘lf‘ 8-76-&&-91]& "A*.nm'!o Pire ¥4 ﬂhtinﬂ ’T'E(.‘.h—

niques and lquipnent..

The mugnituds of moas fires was investigated, and the need
for special fire-fighting equipment was outlined.l Subsequently,
contracts were let to develop special equipment -~ a submersitble
pump, expendsable lightweight 8-inch hose, and convection water-fog
generator. The plans were to utilize the indraft of large-scale
fires to carry the wvater particles into the base of the fire from
the vater—fog geverator -- & tecliiique which had been succesafully

demoastrated u’ oiher Aﬂ'v’ﬁ;t&ﬁ‘v‘ﬁ"; on sonfines "lma ,'.He1t|- a .‘1"7!

or building) but not on outside fires.2;3 (Completely nelf-cont&in!&
groups of trained fire-~fighters was envisicped, with these groups
being asugmented by large numbers of auxiliary fire-fighter troops
vho had received only rudimentary training in dlsaster operations.
Consequently, the equi ment and the techniques for use of the equip~
ment would have to be of the simplest and! most dirsct form for opti-
mum application. Compatibility of troops with equipment and operat-
ing techniques was, therefore, & highly important factor requiring
special study. Early troop evaluation of the equipment under condi-
tions of similar use was deemed mopt desiradle. 1In cooperation with
the Continental Army Commend, & test plan was set up as sn Engineer
troop~test operation.

Planning began in January 1556 with an investigation of
pousible fuels for the test fires. It was anticipated that the spe-
cial equipment belng procured under contarsct would be avallable by
Ootober 1957. To develop and prove the suitabllity of thie equip-
ment and the techniqueas for its use, large-scale fire tests were
necessary. In order to assure valid interpretation of the results,
the conditions should duplicate as nearly ss possible the fire load-
ing of & representative section of a military installstion or san ur-
baa area and should exhibit a dagree of homogenelty that cowld be
easily reproduced., No built-up areas were found which couwld be
fired to simulate a section of a mass fire. (ther fuels, although
not presenting the same configuration to a fire as a structure,
could be used with knowledge of their limitations. The U. 8.

I, ERDL. Study Progrear Report, Disaster Fire Fighting Techuiques
a3d Equipment, dated 1 July 1955.

2. iaymam, Loyd, Attacking ond Extinguishing Interior Fives,
1953,

3, U, 8. Coast Guard, Reporta of a Study of the Control and
!xtin{giahmnt of Fuel 01l Fires in the Machinery Bpaces of
Veseels 1 June 1045,
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Forest Service suggested using wnmerchantsble timber in the western
National Forest lands as fugl, and a survey was made with the c¢o-
operation o1 the U, &. Forest Service, First consideration was
glven to using logging sla.ah;l* however, the disadvantage to this
matexlal was that the density could not readlly be determined nor
could the fires produced from slesh be duplicated with any degree
of accuracy because of the random manner in which it was piled.

A more sultable fuel was found on the Stuart Fork of the
Trinity River where there was a large quantity of standing unmer-
chantable timber which had to be cleared in sn area to be inundated
for a regervoir of the Trinity River Dam. The timber was uniformly
small, making it appropriate for construction of multiple, identical
log cribs to obtaln any desired fire loading. A crib design was
suggested by the U. 8. Forest Bervice based on their fire tept of
various log crib configurations. Troops were made avallable by
CONARC to cut the timber and construct the cribe in support of the
test mission. The test site (part of the Cedar Stock Ferm) was
leased from the owners by the Corps of Englneers Sacramento District
Engineer for a S-month period beginning 1 July 1957. The lease cov-
ered logging the timber and use of the tract mas & test site.

In planning the tests commencing in January of 1956, cog-
nizance was given to the development of an apparatus to generate
fine water fog which could be carried into fire by convection cur-
rents resulting from the fire.’ Tests were conducted with a static
fog generating device which indiceted that quenching Class A fire
erive with airborne water drops was feasible. A contract was let
to comstruct & ficld unit for fine water-fog gemeration, the uni’
to have the characteristice of motility and satisfactory particle
gize for air current convection. The approach of the contractor in
constructing & field devige was, however, not condusive to compls-
tion of the contract work prior to the date of tests, A substitute
item was reguired for use in troop tests, and a '"breadboard" model,
closely resembling the static device used in exploratory tests, was
constructed in our shops. A nonclogging-type nozzle® which produced
a fog approaching the fineness deslred wis selected for use in the
field. Spacing of this type nozzle was made on a distribution grid

L. Togging elash is the unmercharntelle material remsining after
logging operations have been completed and consiste of wnder-

bl’!&b_’. tras topa and hranchas, and alled locos

— e .

5. Layman, op. cit.

6. In thie nozzle the Tineness of the fog was not determined by
the diameter of an orifice, but was produced by shearing thin
sheets from e stream flowing through the nozzle body of com-
paratively large cross sectlon.
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such that coslescence of individual particles would be avoided in
most part . vhich resulted in a lowver density fog then appeaxrs ultd-
mately desirsdle in this application. In view of the fact that =
true prototyps ltem vms pot avatianle for testing at Trinity River,
it wvas realired thet results obtainsble with the dreadboardi fog gen-
erator would be only of qualitative value in ultimate design of au
sactual item and not of conclusive nature in determining the merit of
a fully enginesred device,

Another item, the two-wheel traller, originally included
in the scheduled test program was not completed by the fabricator
prior tc tha test date. This traller oxrried the lightweight, 60-kv,
60-cyale, gasoline-engine~driven gensrator unit, and incorporated
carry-space for the asubirsible pump. Since this item was not avail-
able for the test program, it was necessary to substitute the akid
mounted, continuous service, 50-kw generator which is an item of
issus. JFor this reason, evaluation of pump and power supply as a
unit could not be made,

ALl tha equipment to be tested and equipment for support
of the test were shipped from the esstern seshosyd to the test site.
One subsersible pump and three deluge guns were mislsid {r shipment
and 414 not arrive until after the tests were completed, necessitat-
ing deletion of the coomercial fog nozzle test and operating of the
fire-fighting equipment a% a lower pressure for the other tests. In
addition to these deterenis, unprecedented prolonged rains occurred
for several weeks prior to the test and continued throughout the
test week. The wood cribs and kindling fuel were wetied despite the
waterproof barrier materials with which the cribs had been covered
earlier,

IT. INVESTIGATION

3.  Description of Test Items. The test area was located in
the weaver;[ﬁ?%mger District of the Shasta-Trinity National For-
est, T2 rosd-miles northiwest of Redding, California (¥ig. 1). The
test area was mesdovland about 3/5 mile wide by 3 miles long at an
average elevation of 2150 feet, with hills on either side rising to
3350 feet, A depcription of the itews tested follows,

a. BSubmersible Pump. The prototype pump is a portable
unit consisting of a single-~stage centrifugsal pump element assembled

on & rutor shafi of an oll-=fillad submersible motor. The unit may
be carried manuslly to the pumping site where the suction strainer,
discharge piping, and power cable are installed hefore the unit is
lowered into a lake or river. The unit can also be used as & booster
purp in a pipeline with other unite connected in series. The operat-

ing vhermciErlavios s 2 followas.

T e NP SR
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Capacity, Rated 1500 gpa (5675 lpm)
Total Dynamic Hesad 120 £t (2.5 kg per sq cm)
Suction Fresswrs Atmospharia
Pumy fpeed 3525 e
Weisht 503 1b (228 kg)
Electricsl Requirements 60 kw, kO v, 3 phase,

€0 cycles

Power for the pump is provided by a special, lightweight, trailer-
mounted, electric generator. The trailer also carries the pump,
suction hose, and electric cable. A hoist is provided to lower the
pump into the water.

b. Quick-Coupl Tubing. The tubing ls & commercial
8«inch irrigation-type pip made by the W. R. Ames Company. The
physical characteristics of the tubing axe as follows:

Diametey B in, $20.3 om)

Length 20 £t (6.1 m)

Weight 8Lk 1b (38.1 kg)

Working Pressure 154 pst (10.8 kg per aq cm)

The couplers are the galvanized gteel ball-amud-bell type., Sealing
is accomplished by a compreassion gasket. The pipe is coupled by in-
serting the ball end of one plece into the bell end of the preceding
plece until the ball is caught by a coil epring within the bell.

a. 1le B8-Inch Hose. The 8-inch hose is an experi-
mental lightwe ‘hose designed to be lald from trucks or helicop-
tera for smergency water-supply linea. The hose is packed serpentine-
fashion in 500-fout lengths in an open box, and the boxes may be
stacked and the hoses Jjoined into a continuous length. Physical
characteristics are aep follows:

Diemeter, inside (hose) 8 in, (20.3 cm)

Construction (hose) 1/16 in, (1.59 mm) calendered
natural rubber tube, 2 plys
of nylon cord fabric, 3/64
in, (1.19 mu) calendered
nstural rubber cover

Welght (hose) (exclusive 2.3 1b per £t (3.42 kg per cm)

of couplings)

Weight (couplings) 87 v (30.% kg)

{per pair) °
Working pressure 50 pel (3.5 kg per cm")
Flaking box

Weight 278 1o (126 kg)
Construction Fiverglap and steel
Weight (aling) 60 1b (27.2 kg)

L AU DAIAE FEY
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Fig. 2. One section of the breadboard-model watrer-fog
generator.

i e S S T




R . | ke ST S

d. Fog Genmerator. The fog generator used in the test
was the breadboi?g model fabricated in the USAERDL ghops. It con~
sisted of two sections, each LO feet long {(Fig. 2). The baze of
each section was made of two 20-foot lengths of 6-inch ateel pipe
coupled in line, using standard PQL grooved pipe couplinge. Four-
teen vertical 24-inch standpipes vere welded into each section.

8ix standpipes were 15 feet high, and night were 17 feet high.

Five Bete Model B12FC (full cone) non-clogging fog nozzles, imelined
45© upward, were attached at 3-foot intervals on each of the ghorter
standpipes, and six nozzles were inetalled at the same angle and
apacing on each of the longer standpipes. Vertical stability wes
provided by horizontel supporte welded to the 6-inch pipe base and
braced to an engla-iron spsder aittached horlsonially to the stand-
pipes approximately & feet above the base, The adjacent enda of the
two groupe were connected to the feed line through two adapters to
six 24-inch hose lines, The output of the complete unit is shown in
Fig. 3.

100

2

PRESSURE (ps)
§
1

8

20

b v
0 500 1000 1800
CAPACITY (gpm

Fig. 3. Capacity of breadboard-model fog generator.
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e, mester Experimental Fire-Fighting Protective
Clothing Ensesbles, Four different ensembles were received from the
Quartermaster Corpe for teasting in fire fighting. Following is a
brief description of each.

(1) Expendsble, Aluminized-Paper, Fire-Fighter's
Engemble., This ensenble vas aesigned to provide opv pPru-
tection agailnat thermal radistion for troops engaged in emer-
gency fire fighting. The ensemble is fabricated of aluminized,
laminated, kraft paper which had been creped for pliebility and
treated for flame reslstance. It cousists of the following
components .

() Parka with attached hood. The parks ig de-
signed basically on the lines of an Arctic parka, with
long sleeves and adjustable sleeve closures. The attached
hood 18 provided with an overlapping chin closure and drawv-
strings. The parka is sized fo wear over a duty uniform
and designed to permit & bLreathing apparatus (Chemox) to
be worn underneath, The hood is sized to it over a steel
helnmet,

(b) I1eg sleeves. The leg sleeves, with adjust-
able closures, are designed to protect the lower extremi-
ties. They extend up to the crotch and are held in place
by sdjustable straps which are hooked to the belt of the
duty uniform.

(¢) Face mask, The face mask is designed to
underlap the hood and 1s consiructed so that it is held
awsy Irom the face. 'The eye openingc =re & pattern of
pwched holes. ‘

() Mittens. The mittens arve the gamtilet type
with fabric palms slit to pexmit the wearer's fingers to
be extended for dexterity without removing the mitten,

The back of the mittens Lle insulated with three layers of
corrugated embossed paper placed hetween two layers of
base material to eliminate the need for a liner.

{2) Bymsrimental Lluminfzad FiraFichter's Enseshle,

Thie engemble conaists of aluminized neoprene-coated st
fireman's coat and bunking trousers.

(3) Inte%:::d Protective Ensenble. This ensemble
consists of an experimental all-purpose, protactive, integrated
coat and trousers. It is fabricated of impregnated cotton
nlgth.

ﬁ-——«w_ﬂ-_- e e o o . I -
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(4) Thermal Redistlon Suit. This suit 1s of Bwedish
make snd consists of a coat, hood, trousers, boote, and mittens
of aluminized fibergias fabric and is intended for use &8s a
fire entry suit.

L. Del e thl. The deluge guns are standard Civil De-
fense models inlets and one 24~-inch outlet with lf-,
1-3/8, and 1§-mch stacked tips).

€. %_. The pumper, loaned by the Weaverville Fire
Department, is ra at 1000 gpm'at 150 psi and conforms to the spe-
ecifications of the Californis Disaster Office.

L, rumentation, and Personnel, The
troop opers i B& 3 Prepar
ares; and the ncand., eonducting t.he technicel tests. Equipment in
addition to that authorized by the TOME for the troop unit and the
phase in which it was used is shown in Table I.

Tadble I. Bupport Rquipsent and Phase in which Used

‘ Quanti ‘

Item of Bquipment . TTTR m
Wrecker 1 1
Water Purification Bquipment (et 1 1
Porteble Chain Saw, GED 20 0
T™ractor, D-T, with Angledozer 2 i
Semitreilar, 20~ton, low-bed 2 1
Helicopter, H-21 o 2
Generator, Baglue, S0-kw o] 5

Miscellaneous Hose and Pipeline Acceuories

Quartermaster papsy thermal indicators which changs color from white
t0 black at five temperatures between 165 snd k93 F (76 and 256 C)
were used to measure the radiant heat and transaitted host on the QM
clothing tested. Meteorological eguipment which wus used in the
test is described in the U. 8. Electronic Proving Ground Report,

%%wrclsain-'l sc—-n-y Loy ‘l-g:,_?i:‘e ccntml Te:t L] !“II\\I!‘M e

Appendix C, Key personnel who assisted with the tutu are listed
in Appendix B.

5. Test Pre tion. In June 1957, Company C, 34th Engineer
Battalion ECS of Fag Lewis, Washington, conslsting of 3 officers
and 120 enlisted men, arrived at the site to ataxt preparations for
the test. The fir and pine timber was cut and trismed into 13,000

logs, and the cribs vere constructed (see Fig., 4). The cribs were
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arranged in 4 groups of 52 cribs each, laid out in I rows with the
cribs spaced at 24-foot intervals. (After completion of the first
fire test, three of the groups were resrranged as discussed in para-
graph 6d.) In mid-September, the cribs were covered by the U. S.
Forest Service with waterproof barrier material to protect them from
dampening by the first fall rain.

6. Test Procedure. The second phase of the operation was
conducted between L and 12 October 1957 by Company B, 34th Engineer
Battalion (C), Fort Lewis, Washington, and consisted of conducting
the tests described in the following paragraphs.

a. Quick-Coupl 8-inch Tubing, with Ball-and-Bell
Couplers. The purpose of this test was to evaluate the suitability
for troop use of the emergency pipeline and to determine the maximum
coupling rate, the optimum size of a pipe-coupling crew, and the ef-
fect of previous coupling experience., The pipe was carried to the
test site on a pole trailer with alternate pipe sections reversed be-
cause of the larger coupler (bell) on one end. The pipe was then un-
loaded by the troops from the moving trailer and placed, uncoupled,
end to end along the shoulder of a level road. A preliminary study
indicated that only two men were required to couple the pipe; one
man to guide the ball coupler into the bell coupler of the preceding
pipe section, and the second man at the other end to push the pipe
into positiocn. This basic crew, and variations of 1t, were timed as
they coupled 1000 feet (49 joints) of pipe. The pipeline was tested
to the full rating of the pumps /1500 gpm (5675 lpm) at B80-foot head
(2.5 kg/cm?)7.

b. Helicopter Pump-Placing and Hose-Laying Tests. These
tests were conducted to determine the feasIbility of usiug an H-21
helicopter for (1) placing a submersible puwp in an otherwise inac-
cessible water source, and (2) laying an expendsble 8-inch hose over
terrain impassable to vehicles. A simulated inaccessible water
point had been chosen with sufficient clear area for helicopter oper-
ation. A nearhy grove of trees was the "impassable terrain."

Two helicopters were used. The first helicopter de-
poslted a box of hose on the bank near the water point, where it and
the electric cable were assembled to the pump. The pump was then
picked up and carried about 30 feet out over the deepest water and
released from a height about 2 feet sbove the water. The helicopter
then plcked up the hose box witlh the remaining hose &nd tlew over a
row of trees (the "impaseable terrain") flaking out the hose as it
proceeded. The second helicopter hovered on the opposite side of
the trees while ground peresonnel unflaked and dragged approximately
& hundred feet of hose over to the end of the first length of hose
end coupled the two. The second helicopter ascended vertically to
cilear the trecs before beginning forward flight.

Best Available Copy
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¢. Fire Test No. 1. The first fire test was conducted
to evaluate the characteristics concerning application of 2 very fine
water fog to a large-scale, unconfined fire. The breadboard-model
convection water-fog generator was set up 20 feet from and parallel
to the west side of one of the crib groups. The 8-inch pipeline ex-
tended from the water point in the Stuart Fork to the fog generator

(Fig. 5).

The weather was overcast with intermittent light rain,
and since the long-range forecast predicted no bresk in the weather,
it was decided to go ahead with the test. The wind was varisble and
low in velocity and the rain continued throughout the test. Four
hundred gallons of diesel oil and gasoline in a 1:1.2 mixture were
poured along the back side (the side away from the fog generator)
and the ends of the crib group to assist ignition. The crid group
was fired at 1527 PST. The cribs burned slowly due to the moisture
in the kindling fuels and the logs. Water moisture content in the
logs sampled was over 100 percent. The cribs were bulldozed into &
more compact mass to aid combustion.

After 40 minutes of burning, the fog generator was
employed. Water output was approximately 860 gpm at 95 to 100 psi
pressure measured at the third pump. Pressure differential across
the pump was U4S psi. After the fire was controlled, the fog was
stopped and the fire allowed to burn out.

d. Fire Test No. 2. The object of this test was the
same as Fire Test No. 1. Concurrent with this test and Fire Tests
3 and 4, Quartermaster clothing tests were also run. The fog gener-
ator was relocated in front of a new cridb grcip in the same manner
as for the first fire test. The 8-inch pipe was reagsembled as
shown in Fig. 6. As a result of the first fire test, the remaining
ceridb groups were modified to present a more consolidated fuel. The
outer rows of cribs were staggered atop the two inside rows. The
top cribs were more dense and were not piled in any definite pattern
(Fig. 7). The cridb groups were 15 loge high, or about 8 to 10 feet.
Twenty-six worn out tires were cut in half and arranged beneath the
cribs in each group to act as a receptacle for the gasoline-oil
mixture. A 610-gallon diesel oil and gesoline (1:1.1) mixture was
distributed completely around the crib group, and ignited in mid-
morning. The cribs burned unevenly and slowly. The voltage regu-
latcr failed on the standard engine ger< rator supplying power to
the first (draft) submersible pump, preventing water from being
pumped to the fog generator for the test. The fire burned itselfl out.

A break in the previous foul-weather period occurred
nbout 0900 hours or *he day of this test with the overcaet beginning
vy clear, Tt was declded to take advantage of this Iirst clear day,

Con speemenhs ware made to burn the remaining two crlb groups that

SRR ¢ ¢ RIS TS
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Fig. 7. Consolidated crid group.

e. Fire Test No. 3. The objective of this test was to
note the effectiveness on a fire of straight streams from deluge
guns, in order to compare with the fog generator using the same
quantities of water on the other fires.

Two Civil Defense model deluge guns with l-inch
tips were set up 30 feet apart and 125 feet from the west side of
the third cridb group. The 8-inch pipeline wns reassembled as shown
in Fig. 8. Twenty-six halved tires were arranged among the kindling
fuel and & 600-gallon diesel oil and gasoline (1:1.4) mixture was
poured around the cribs to aid ignition.

The cribs were ignited in the early afternoon of the
same day. The fire was uneven but of fair intensity. Water was
applied from the deluge guns.

f. TFire Test No. 4. The obJective of this test was to
evaluate the characteristics concemming the application of very
fine water fog to a large-scaie unconfined fire, as in Fire Tests
Nos. 1 and 2. The water-fog generator used ir the previous tests
was relocated 20 feet from and parallel to the east side of the
fourth crib group. The east side was chosen for this test since
the U. S. Forest Sexrvice desired an unobstructed view of the fire
for thermal radiation measurements which had to be from the west to
An _mmﬁdiat~ weather forecast indi-

+h yiaﬁ mignt 1 to cithc“ the southeagt or

C"
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vig. 10. Test Fire No. 4t at maximum intensity.

corner of the crib group. The 8-inch pipeline was reassembled as
shown in Fig. 9. Halved tires and a T00-gallon diesel o0il and gaso-
line (1:1.5) mixture were added as before to the crib group, and the

cribs were fired at 1640 hours PST, Fig. 10 shows the fire at maxi-
mum intensity.

Meteorological equipment was set up to measure the
effect of the fire upon ambient conditions and especially to measure
the magnitude of the indrafts to the fire. The instruments were
oriented along a line perpendicular to the long axis of the crib
group from the midpoint. Ambient free-alr temperature and relative
humidity, surface wind speed and direction, and upper wind speed and
direction data were taken. This data 1s detailed in Appendix C.

g. Protective Clothing Tests. The clothing ensembles
tested in Fire Tests 2, 3, and 4t were as described in paragraph 3e,
plus utility clothing such as cotton shirt and trousers (OD-107),
helmet liner, cotton undergarments, etc. An array of @M paper
thermal indicators were attached to the inside and outside of the
ensembles prior to the ctart of the tests. The troops moved slowly
toward the flre untll thelr moximum endurance Lo heat was resched
and then withdrew. The minimum distanc: from the filre and the max-
tmyn temperature attalined were recorded ., while comments were elicited
irom the Lroups,
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T. Test Results. Results of the tests conducted are de-
scribed in the following paragraphs.

a. ck-Coupling, 8-Inch Tubing Test Results. Three-
hundred feet of pipe (15 sections) were unloaded and placed end to
end by a crew of 6 men in 2 minutes and 35 seconds. Two men pushed
the pipe off the end of the pole trailer while four men pulled and
placed the pipe. The results of the coupling test are shown in
Table II.

Table II. Pipe Coupling Rates of Various Sized Crews

Coupling Rates
(minutes-seconds per 1,000 feet)
Crew Siz: Inexperienced Experienced
Crew Crew

One 2-man crew 5:25 Not performed
Two 2-man leap-frogging crews 3:25 3:33%
One 3-man leap-frogging crew 3:5% Not performed
One L-man leap-frogging crew 3:15 3:15

* Men were tired from previous trial

Of the crews tested, a four-man crew was the fastest,
coupling 1000 feet of prelaid 8-inch pipe in 3 minutes. The crew
had no prior experience in coupling this pipe, but the members were
used to working with each other. No increase in speed was achieved
with an experienced crew,

With pressure at full rating of the pumps, the first
(draft) pump uncoupled from the 10-foot length of 8-inch hard hose
and the el, tees, and plug uncoupled from the pipe. This was exped-
iently corrected by tying recoupled pleces together.

b. Helicopter Pump-Placing and Hose-Laying Test Results.
When the first helicopter ascended to clear the trees, an excessive
amount of hose flaked out. As the hose descended, it hung in the
trees but the heavy coupling on the free end fell to the ground. An
excegslve amount of hose flaked out from the second helicopter also
when in vertical ascent, and the end was reached before the helicop-
ter was gbove the trees. The 800 feet of hose filled slowly because
of the many folds deposited on the ground when the helicopter ascended
vertically and the rectiictions where the hose was caught in the
crotches 01" the trees. As the water was pumped Into the hose, the
welght and pressure of the wuter broke off branches es large as 33
inches in diameter, causing the hose to fall until caught in larger
crotohes,  The flow was restricted to an estimated 30 to 50 percent
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of the rated capacity of 1500 gpm. Thers was no apment damage to
the hose.

¢, Fire Tesat No. 1 Results. In this first fire tast,

the fire was CONTIOLled miong the 100-foot front fasing the fog gen-
erator within five minutes, altbough 4 significant portion of the
water fog fell out befpre reaching the fire while small smounts were
convected upward or through the fire, About one-third of the Bete
nozzles were clogged with grasa, twigs, and sand. The large size of
most of the partioculate matter was due to the rain-awollen condition
af the Stuart Fork.

. FPive Mest Mo O Beaulés  Aa s wegult of the wnlita

- - R — e ¥ i

regulator fa.ilm and the stibsequezﬂ'. inahility to pump water to
fog genexator for the test, no reaults were obtained.
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Ruultu. The fire was controlled
; A Yy opewration of the um
guwe . Lppminmcly 1200 m were auahmd by the two guns.

Fire Test No, k xnults. Muring the fusling o

v angle of tha sun o a
cooling of the air on the lhadnd. mowntain siopes ahove the tost site
inciting a gravity-type wind (from west to esat) in the feat area
vhich overcame the local south wind. Jesoline vapors accumtlated In
the lee of the crib snd spresd the fire to the grass., A misinterpre-
tation of signals delayed the water delivery which resulted in ax;so-
gure of +he hoselines (which supplied water to the fog generator) to
the grese fire resulting iu destruction of three of the aix hoses
and the eubsequent loss of pressure and water.

£,

At this time, the wind speed increased nearly three-
fold (max, 18 mph) on the leeward side of the cxrids without any
corresponding change on the vindward side. 7The high wind offset the
possibility of forming s typica® convection-type cell with corres-
ponding indrxfts from the leewn.d sidn. As & vemuli, none of the
water-fog reached the fire, By 1740 howrs (one hour after the fire
was started) the flsmes were no longer the dominant feature of the
fire which quickly reduced to exbers. The bed of live coals con-
tinued to give off significant smounts of heat beyond 1800 hours.
Also, & pronowncsd chsnge in the Girection of the wind W the morin
oveurred on the leeward side, By 1750 hours the gravity-type wind
bad slowed down sufficiently to permit the induction of a convective-
type 2all over the bed af onals and theresfter the wind recorded on
the east pide of the fire began to flov into the fire and oppose the
patural circulation on the west side. This wae merked by a shift of
the west wind to the south, creating a counter-clockwise rotation of
the sir currents sbove the hed of coals.
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€. The results of the protective clothing tests are
summayized in Table III.

IIXI. DISCUSSION

8. General Discussion. During a period of seversal weeks
prior to the tests, the weather for northern Californie was cherac-
terized by a series of low-pressure areas moving in from the west
with attending abundant rainfall. Weather for the month of October
usually consists of & large percentage of sunshine with about 5 days
of rainfall aversging about a hundredth of an inch. The departure
from normal conditions experienced prior to the test has a probable
occurrence of about once in 80 years. The frequent occurrence of
rain and the nearly continuous cloud cover resulted in maximm satu-
ration of the exposed logs and ground, with virtually no opportunity
for drying periods.

Troops responded well in using emergency fire-fighting
equipment in operational situations, even though they had received
minimum instructions. No difficulties were experienced with either
the hose, pipe, or expendable fire-fighting ensemble. Although
operation of the standard 60-kw generators proved somewhat trouble-
some, no difficulties should be encountered with the simplified con-
trols of the special generator which will be port of the submersidle
pump set. The concept of assigning troops to fire fighting as a
secondary mission (i.e., one other than that for which they have
been trained) is valid provided that the equipment operation is no
more complex than that of automotive equipment.

The grouped log cribs provided an economical and easily
constructed fuel unit. Any number of similer cridb groups can be
built with the assurance that the parameters of combustion will re-
main substantially constant from one fire to arother which will per-
mit direct comparisons. The cribs used in these fire tests were
especially vulnerable to the weather because of their openness. The
precautions tsken tc protect them from expected rainfall were inude-
quate against the adverse weather that did occur. As a result, the
crib groups bwrned poorly despite efforts to aid combustion by con-
solidating the cribs In each group and adding tires, gasoline, and
diesel oil. Insufficilent indrafts were created by these fires;
however, it appeared that the crib fires were not of sufficient mag-
nitude, even 1f burned with the fuel dry, to generate indrafts cap-
able of convecting requisite quantities of water fog for rapid con-
trol of the fire and to permit exploitatior of this technique.

3. Analysls of Test Results. Following is an anslysis of the

VEGT 2ULT8.
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a. Quick-Coupling, 8-Inch Tubing. The pipeline tests
showed that irrigation~ -inch tubing with Ames couplers can be
assembled into a pipeline by inexperienced field troops at a ratec of
approximately 3% mph per 1000 feet, although the rate would probably
drop to 2 mph for a sustazined distance. Some difficulty was en-
countered in maintaining a coupled line under 80 psi pressure where
it was not restrained by rigid pipe lengths. Terminal fittings, els,
and pipe-to-hose adapters with Ames couplers required tying to the
rigid pipe to prevent uncoupling. The pipe unloading rate was lower
than the estimated sustained coupling rate indicating a need for a
study of unloading techniques and possible equipment required to pro-
duce an unloading rate compatible with the coupling rate.

The prototype submersible pumps worked very well in
the pipeline both at draft and as booster pumps. The unavailability
of the special, lightweight, engine-generator sets for the pumps re-
quired expedient wiring to the standard 60-kw engine generator sets
for power. Mechanical and electrical troubles were experienced with
the rebuilt generators. Failure of the voltage regulator occurring
at the beginning of Fire Test No. 3 prevented water from being
pumped with the subsequent loss of the opportunity to comduct the
test, Unsatisfactory Equipment Reports were submitted on this

equipment.

b. Helicopter Pm_ug-Plac;_.n_g and EO“-BEE Test~. The
vse of the helicopters was sericusly c Yy the adveilse weath-
er. The tests, though limited, showed the basic feasibility of em-
ploying helicopters to lay emergency water-supply lines (using sub-
mersible pumps and 8-inch hose) over areas inaccessible to-vehicles.

Certain problems were also brought out.

When the laying helicopter was ascending, a critical
altitude was soon reached vhere the weight of hose in suspension be-
tween the flaking box and ground was equal to the force required to
flake out the hose. When the hose is contained in the box without
restraint, this critical altitude is quite low; surplus amounts of
hose flake out, reducing the effective water transport range of the
hose length and restricting the flow of water through the hose be-
cause of twists and kinks. The critical altitude for this particu-
lar hose wac detween 50 and 100 feet. A serious operating restric-
tion 1s impcsed when there are ground obstructions which the heli-
copter must clear to complete a hose-laying operation. In analyzing
the test results, it appears that these difficulties can be elimi-
nated by employing s method of operational restraint at the flaking
box tc control the rate of hose flaked from it, regardless of the
altitude or movement of Lhe helicopter.

Severe kinking occurred in a few places where the
nose was deeply dreped through tree crotches. Where this oceurs,
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it may be necessary for ground teams to cut the branches and clear
the more severe kinks. Additional tests over various types of wood-
ed terrain are necessary to determine the extent of study required
on this problem. Advantages gained in speed of laying and high
capacity will be partially offset until these restrictiones are
cleared. Nevertheless, in an emergency such as immedliately after a
nuclear weapon attack, this method could be used to expeditiously
provide water over debris-choked or otherwise impassable areas, us-
ing 8 minimuum of personnel to lay the hose. Operating personnel
would be protected fyom residual radiation by the height of the
helicopter above the contaminated area except when the helicopter
descended to allow the personnel to couple the hose to the preceding
length.

The experimental 8-inch hose was considered too heavy
for helicopter hose-laying operations (1000 feet maximm can be
carried per helicopter), but the tests were undertaken for the value
to be derived from a troop-use test before conducting further inves-
tigation into lighter weight hose. The techniques of transporting
and emplacing the submersible pump and the lightwelght genersator
will require further test to explore all possibilities of use in
connection with the 8-inch hoseline.

¢. Fire Tesus. The breadboard-model convection water-
fog generator co ve been more effectively used if it had been
easlly portable. The number of nozzles on the model was limited to
& practical quantity resulting in a coarser water-fog than was de-
sired. The optimum particle eize for minimum fallout rate was cal-
culated to be 75 microns, whereas the particle size developed by the
model of Bete nozzle used was in the 300 to 500 micron range. The
weak fire in Fire Test No. 1 did not engender adequate indrafts re-
quired to draw the water-fog in. Most of the water-fog dropped out
within 20 feet of the generator, and the estimated 300 gpm which
probebly reached the fire was not sufficiently dense. In e situa-
tion where the indrafts are weak, a forced-air current to help carry
the water-fog into the fire would be desirable. A fire ten or more
times as large would be required to generate an indraft significant-
ly great to produce the desired results and to minimize the effects
of arbient wind conditions.

As may be noted in the test results, many of the indi-
vidual nozzles of the breadboard fog generator were plugged with de-
bris, mostly of vegetable ousigin during the course of the tests.

ltheugh the nozzles were of the non-clogging type where size of
foreign matter was Limlted, clogging with ftems such as sticks and
rebbles proved to be progressive in a given nozzle, i.e., one plece
ol extranecus matter would not in itself render & nozzle inuperative,
P oan accumidatlon of such matter would nullify the nozzle function.
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Test experience with clogging nozzles indicates the
necesgity of considering the fire-fighting equipment susceptible to
extraneous matter in the wvater supply and the poesibility that addi-
tional strainers of finer mesh will be required in the water supply

system. A screen is curremtly integrated into the submersible pump
unit.

d. Protective Clothing. The expendable aluminized fire
fighter's ensenbles proved to be usable by field troops with no fur-
ther instructions than to don the suits. The suits significantly
increased the men's ability to approach a fire. The suits had a
lov wet strength and tore easily vhen exposed to the intermittent
rain. The front edge of the helm:t liner abraded through the paper
at contact points. Further tests should bde conducted in work situ-
ations to determine the wearer's ability to perform the necessary
duties of the task while wearing the ensemble, and a reinforced
paper with high wet strength should be used in construction of the
suit. The relative merit of providing a shield for the feet or wet-
ting the footgear should also be investigated since one of the most

frequent causes for retiring from the fire was lack of protection
for the feet.

None of the other clothing outfits were tested to the
limit of their protection because the subjects retired from the fire

vicinity due to excessive heat on the unprotected portions of their
bodies, namely, hands and feet, and the tests were discontinued be-
csuse of the lack of this protection. The fiberglas Swedish fire

entry suit was not tested because of a tendency for the raw edges of
fabric to produce a dermatitis.

e. Heteom%ic&l %‘S;E . Support furnished by the
8ignal Corps Meteorolog t, U. 3. Arxy Flectronic Prov-
ing Ground, was excellent, providing sufficient data to present a
view of the state of the atmosphere around the fire (Appendix C).
The complete microstructure of the atmosphere, however, is not shown
in the data presented in the Signal Corps report since a very dense
three-dimensiocnal network of sensing elements would have been neces-
sarv to obtain such detaill. Some of the gensing elements would prob-

ably have been destroyed or damaged by flames and heat, and fabrica-

tion of expendable items would have required a lead time of about 6
months,

The Signal Corps postulates that the air currents,’
described in paragraph Tf of this report, which prevented the forma-
tion of a convection cell over Fire No 4 were probadly due to the
increased volume of alx resulting from the expansiocr ceaused by the
fire. Once the gravity-type wird had subsided, a convective-type
cell was established over the bed of conls. The influsnce of the
convection column overcame the gravity-type wind and deflected it
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counter-clockwise (to the south) around the bed of coels. Together
vith a similar movement of the indraft from the opposite side, a
counter-clockwise rotation was imparted to th: thermal column.

IV. CONCLUSIONS
10. Conclusions. From observations made during the tests, it
is conclude t:

a. The concept of assigning troops to fire fighting as
a secondary mission (i.e., one other than that for which they have
been trained) is velid provided that the operation requirements are
no more complex than those required to operate automotive equipment.

b. A quick-coupling tubing system of the type used in
the tests meets the requirements for a& rapidly constructed emergency
water-supply line. Its intrinsic simplicity permits the use of un-
trained troops in emergency fire-fighting operations. A more posi-
tive coupling than the Ames Co. model 1g needed for the terminal and
nonrigld elemen'.s of an emergency water-supply line. The submersible
pump is suitable for use as a draft or booster pump in emergency
water-supply lines. It may require provisions for screening out ex-
traneous matter where solid matter water source contamination exists.

¢, Ground-air coordination for helicopter plecing of
hose and pump equipment as an emergency fire.fighting task force
operation is feasible. Effectiveness of such an operation is ulti-
mately dependent upon improvement of the technical performance of
equipment and additional capabilities as follows:

(1) Providing operational control of the hose flak-
ing out.

(2) Providing suitable equipment for air-to-ground-
to-air movement of components and personnel where ground obsta-

cles prevent helicopter landings.

d. The concept of convection water-fog generation for
controll !¢ large unconfined fires requires further study and test-
ing, with consideration being given to conveying the water fog into
the fire by forced air instead of relying solely on the generated

drafts.

e. The expendable aluminized paper fire-fighter's en-em-
ble can be used without prior instruction by field troops for pro-
tection agalnst the thermal radlation of large fires. Further troop
tests In work situations are indicated. Future ensembles should i.-
corporate & stronger base material with high wet strength.
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¢, Suttasks:
The related protect (Mo, 8-76-C.-007, Truck, Fire, Military; will result in

s superior type fire truck the cimrmcteristics of vhich are such 5 to in-
dicate suitability for Atomic Warfare firefightling.
d. Other Informamiion:

(1)

Rcfarences:

(-; "Civil Defense for Naticnal Security,” OCDP, 1938,

{b) "Mcdical Aspects for Atccic Weapons,” NSRB, 1650.

(¢) In the above reports it was stated that much dammsge could have

been avoided ‘n Hiroshima and Nagacaki If adequate fire protcction

had teen avallable., As & result of largr-scale eremy actionon s
point. uf nigh poprla.fin density, numercus and scattered fires
scon result in o larger confisgratlon koown 28 a fire glerm, A
pericd up to 10 pinutes may lapse between the time the wvarious
fires initiate to the time the fire stors develops. During this
period, the plan of attack for fire control must be s=ds and
initial action taken in order to ultimstaly conirol the resuiting
fires with a mintmiz logz of material and 1life,

Discussion:
Agencies interested in this project, in addition to the Corpa of Zngi-

neera, vith vhich liatsan will bve mmirntained and wvhich will be furnisied

coples of reporta on the project are the Atomic Energy Cosmission, Ds-
portzsat of the Havy, Department of the Alr Force, Arsy Tocholesl far-

vices, COHARC, Pederal Civil Defense Mdaminietratiosn. and ihs Demerisont

of Agriculture, Porest Service.

Best Available Copy




IR

1

ok e PR R

P

SRR

3

APPENDIX B
TEST FEREONNEL

TECHNICAL GROUP

Mr. John F. Christian, ERDL, Ft Belvoir, Va, Technical Tiirector
My, John D. QGrabaki, ERDL, Ft Belvoir, Va, Equip Supervisor
Ma] Albert Xrauze, The Engineer School, Ft Belvoir, Vs

Col William Mantz, Office of Secretary of Defense, Wask., D. C.
Sp2 Charles J. Waller, Preparations Supervisor

ENCINEER SUPPORT UNITB

Company C, 34th Engineer Battalion -(C), Pt Lewis, Wash.,
Capt Charles M. Boewell, Commanding Officer

Company B, 35th Engineer Battalion (O}, Ft Lewis, Wash,,
Capt Donald E. Burke, Commsnding Officer

24 Lt Thomas F. Veale, Co 0, 35th Bngr Bn (C),
Liaison Officer, Test Control HY

MSgt Bobby O Foster, Co A, 35th Engr Bn (C),
Mministrative NCO, Test Control g

METEOROLOGICAL QROUF

1st Lt Paul F. Wilkinson, Meteorological Company
Ft Huachues, Ariz., plus 8 EM

Mr. Boswell Walker, DAC, Meteorologlcel Dept, ¥t Humchuea, Ariz,

COMAURICATIONS GROUF

272 Richard W. Temple, Hq 136th Ragr Gp 3}, Ft Lewis, Wesh.
Pi{c Ronald C. Crawford, Hq 116th Engr Op (cS, Ft lewis, Wagh.

PHOTQORAPHIC SUPPORT

Sgt Edward F, Doyle, Signsl Photo Lab, Ft Ord, Calif., 6th
Army Photo Iab, Presidic of San Francisco, Calif., plus 2 RM

AIR_SUPPORT

33rd Transportaiion Hellcupter Co, Ft Ord, uslif. (2 H-2iC
Helicoptern)

Ma] Keith J. Heuer, Commanding Offlcer

Cept Neville A. Pearson, TC

lst Lt J. D, Horpe, Jr., ¢

CWC-2 John J. Cooney plus crew of L EM
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Mr. Arthur Pirsko

Mr. W. T. Pong

Mr. Samuel Richards
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METEQROLOGICAL SUMMARY FOR MASS-FIRE CONTROL TEST
DPONSORED BY U. 8. ARMY ENGINEERS
RESEARCH AND DEVELOPMENT LABORATURIES
October 1957

1. General

Meteoralogical observations weye taken to measure the ef«~
fect of o burning erib upon ambient conditions. The crib consisted
a1 logs which were stacked about 10 feet high over ap awxea 25 by 160
feet. This test was conducted In & narrow valley within the ghasta-
Redding National Forest at 0™ 50.5' north latitude and 1229 49.6'
waegt longitude. The valley 1s formed by the 3tuart Fork of the
Trinity River and is oriented slong an east-~west line. At the test
gite the floor of the valley is 2,160 feet above sea level and rises
to 3,000 feet one mile south and 1 miles north. The velley floor
is comparatively free from trees for e width of one-half mile and 1t
narrows gradually to the west.

2. Tect Site

The Test Crib Nr U4 was designated for instrumentation a&s &
control site. Meteorologicel instruments were oriented along a line
rerpendicular frowm the midpoint and extending in an east and west
direction. A schematlic drawing of the instrumentation is shown in
Figure 1. The fire at Crib Nr 4 was started at 1640 on 11 October

1957.
3. Reliability of ths Dats

s, 'The enclosed meteorological data are considered to be
of guod quality; bhowever, they have limitaiions. To sssist in us-
) ing these data most effectively, a brief outline of these limita-
tions is listed below. Possible sowrces of error which impose limi-
) tations on the use of these data may ba divided into three: groups;
namely, instrumentsl error, data reductions and processing error,
andi non-representativenegs of data due to overall instrumentation,

h, Instrumentsl errcr sntering mtg there date 18 con-

@
pidered to be small., Both the instruments and %e hniques used to
collect these date were the best currently available

e. Error entering through the redustion and processing
of the data {rssding autographic charte, computing upper wiuds from
rav data, etc) 1s coneldersd significent. The numericsl values of
accuracy llsted below are approximate and will glve the user an idea
of the relative precision of the data:

W«-——--m B - e e ot s st - -
e
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(1) Hysrothermograph and thermogrepn date
(8) Time ¥ 10 minutee.
(b) Temperature within 2°7.
(c) Relative humidity within .

(2) PBeckman and Whitley wind dats (surfsce wind)
(n) 8peed within 1 mile per hour.
(b) Direction within 5 degreeas.

(3) Double theodolite data (Ipper winds).
(a) Balloon height within 2¢.
(b) Wind speed within 1 mile per hour.
(c) Wind direction within 5 degrees.

d. The instrumentation of the project was good and data
tharefrom are sufficient to give an ides of the state of the atmos-
phere around the fire, However, the complete micro-structure of the
atmosphers 18 not seen by examination of the enclosed data. A very
dense three-dimensional network of sensing elements would be nsces-
gary to obtain the data necessary for such & detalled measurement of
conditions.

L. Observational Data
a. Temperature and Humidity

(1) An effort was made to measure the ambient free-
alr temperature and relative humidity by lmestxwsents shielded from
the influence of radiant heat. Bendix-Friez Model 594 hygrothermographs
were Installed at Stationms W-l, W-3, E~1 and E~3. At Stations W-2 and
E-2 thermographs ML-77 were installed., These instruments were in-
etalled in instrument shelters ML-Ll-B whose floors were four feet
above the ground. The doors of the shelters on the west slde of the
crlb opened to the south and the doors of the shelters on the east
slde opened to the north, thus permliting 2 common orientetion of all
asneing alemente towsrd the fire., The relative humldity eenscr was a
hair element with pericdic callbration checks made by a mercury-in-
glaes psychremeter ML-2hk. The temperature element was a Bourdon tube
with calibration checks made by maximum thermometer ML-4 and minimum
thermometer ML-5 permanently installed inpide the sheiter.
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(2) Data from these instruments are presented in
Filgures 2 and 3 as enlargemente of the baslc autcgraphlc traces from
1600 to 1900 PST. Owing to the weaterly winds the trace at 3tstion
W-1 showed only a minor increase in temperature at the maximum in-
tenslty of the fire wheress no corresponding changes wers noted at
Stations W-2 and W-3. The grestest influsnce on amblent tempersture
was recorded at Station E-1 where the temperature increase wes over
ten degrees higher than surrounding stations. Minor fluctuations of
a few degrees woere recorded at Station E-2 and no cheange in ambient
temperature was noted at Station E~3. The relatlve humidity at Sta-
tions W-1l, W-2, and E-3 behaved in a manner typical of normal condi-
tiona wheress the relative humldity st Station E-1 was influenced
generally inversely to ithe temperature and a velue was recorded
roughly k5% lower than the other stations.

. SBurface Wind Speed and Directiom

{1) The speed and direction of the wind near ine
ground were measurcd at all stations by the sensitive Wind Speed end
Direction Recoxrding System, Beckmen and Whitley Mode. K100A whose
sengsors were posltioned five feet above the ground and sufficiently
removed from the instrument shelter to minimize local effects. Due
to the positioning of these instruments, it 1s felt Llhat the data
contain no vias as & result of the eddies caused by the instrument
shelter, but Station E-1 was npparently influenced by the proximity
of the crik. The data were continuously recorded by Esterline Angus
recorders having a paper feed of twelve inches per hour. Date ware
summarized from 1610 to 1830 PST by computing average speed and di-
rection in five-minute increments and the deviation (range) from
gach Tive-mitute perlod. Tabular forms of this data are presented
in Tables 1 and 2. These averages are pregsanted in graphicdal form
in Figures I and 5, The sveragee are indiceted by vectorial arrows
positioned to show the direstion in which the wind ies moving and
whose length denotes the speed. Each small square of the graph
equals one mile per hour, Arrows shown in dashed lines inlifcate
that data which vere estimated, By the time the fire was ptarted
the test ares wag under the influence of & gravity type wihd cauged
by cool alr flowing down from the mountaln slopes. Thisa gravily
wind reached ite maximum around 1715 hours anl diminished gresdually
thersafter. Ths Inflususe of this wind &ffecied the wind direction
on both sides, In fact the flames and smoke were obmerved to move
out sharply with the wind end thie offset the poseidility of forming
& typleal convection type cell with sorresponding indrafte trom the
leeward side.

(2) The dominant feature from the wind data &t this
time was the nearly tiree-iold increage of wind speed on the leeward
side without any corresponding change in direation compared with the
viniward alde. The primary resson for thie Inapssze 3 bolleved o

.
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be the increased volume of alr resulting from the expansion caused
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feature of the fire and quickly reduced to embers. The resulting
bed of live coals continued to give »ff significant amountc of heat
beyond 1800 hours. Therefore by 1750 the gravity type wind had
slowed down gufficiently to permit the induction of & convective
Lype cell over the bed of coals and thereafter the wind recorded on
tbe east side of the fire began to flow into the fire and oppose the
natural circulstion on the west side, Thus it was shown that for
the period of record the wind on the west side veered clockwige
avout h5° as the windspeed. decreased, This 1s consistent with what
would normelly be expecied as the frictional component (resulting
from the surface)} decreased. At the same time the wind on the east
side backed counter-clockwise sbout 90° showing the increasing ef-
fect of the fire with time.

c¢. Upper Alr Wind Speed and Direction

(1) Measurements of the wind speed and direction
above and adjacent to the fire were taken using the double thendo-
lite technlque, This procedure best establishes an sxcellent three-
coordinate position of the balloon. Two double thendolite systems
were employed using base lines of approximately 300 yards oxlented
, north-south with each baseline about 150 yards to the esst and west

of the fire. Remote simuiteneous releases were made from corres-
ponding Statione 1, 2, and 3 on each side »f the fire, The ascen-
sion rates of the balloons was approximately 150 yards per minute and
readings were teken on the position of the balloons at 20-second in~
tervals, Figures & thru 21 ere plots of the wiud speed and direc-
tion as a function of height from 1547 through 1737 hours, Addi-
tionsl plot shows the height of the ballocon as & function of time.
From the 20-second readings the mean wind speed and direction were
computed for each korizontal stratux traversed by the balloon in
that interval snd therefore 1t has been plotted for the midpoint of
the corresponding stratum,

(2) Figures 22 thru 30 depict the norizontal posi=
tion or the balloon at 20-second intervals with respect to the crib,
Although these Figurca show that the ballor relessed tihe weat
etations ilm nearly every case passed over the fire st a helgnht of
leas than 50 yards there was less influence on its ascensilonad rate
than the belloons released on the east side. This cbaervation and
i the greater apeeds shown i Lhe lower levels Trom the bLallodns re-
leased on the east side infer the elope of the heated alr with yre-
spect to the ground and suggest that for the most part the halloons
releaged from the west slde were in an environment unaffected by the
fire,

-, - -
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d. General Weather

(1) The weather for northern California for & period
of aaveral weeks prior to the test was charascterized by s serieg of
low pressure areng moving in from the west with sttending abundant
rainfall. The normal weather pattern for the month of QOctover is
characterized by large percentage of aunshine and about five days
having a raiufell of a hundredth of an inch or more. The dsparture
from normal conditlons experienced prior to the test has a probable
oceurrence of about once per 80 yemrs and considerable publicity at-
tended this unugual weather in press and radio releases., The fre-
quent occurrence of rain and the nearly continuous clouwd cover re-
sulted in the maximum saturation of expused timber and the groupd
with virtually no opportunity for iutervening drying periods.

() Crid Nr 3 was ignited on 9 October 1957 at 1527
PST. The sky was overcast with low clouds and there were patches of
fog on the floor of the valley. There was very llght rain falling
at the time and it continued intermittently for the rest of the
afternoon. The wind abave the valley was moderate from the south,
but at the test site the wind was variable in direction and light
in speed as & result of large scale eddy motions set up below the
crest of the ridges.

{3) Crib Nr 1 wns burned on 1) QOctober in mid-

morning, Crib Nr 2 was burned in the early aftexmoon snd Crib Nr b
was ignited at L840 of the same day. 7The llth of Qctober was charac-
terized by a break in the previous foul weather regime and the over-
cagt began digsipating srcund 0900 and rapidly cleared with the ex-
ception of a few distant cumulus type clowls. The wind speed at the
test area was very light until about 1600, The fire from Orid Nr 2
apparently Aet up a nearly ideal convective type cirsulation and
caused the formation of & cumulus cloud about 4,000 feet over the
fire., The cloud persisted for over an howr, By 1630 the cooling of
the air near the suxrface caused by the low angle of the sun caused &
gravity type wind in the ~st area, Figures 6 thru 21 show that the
gravity type wind remainesd comparstively shallow (maximum depth about
LOO ymrds). The clear sky and light winds after sunset caused rapid

cooling of the grouwnd and gwoundfog begen before midnight.
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